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Using!Laptops!to!Facilitate!Middle!School!Science!Learning:!

The!Results!of!Hard!Fun!

“It!took!more!effort,!but!it!was!more!fun”!

Alexis!M.!Berry! ! ! ! ! ! ! ! Sarah!E.!Wintle!

!

Introduction!
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X&#5$A!R#594!?0!*75()*!'1!*)0!*&74'*'#179!C7110&!714!R#594!?0!7<Q04!*#!6#C$90*0!7!
*&74'*'#179!$7$0&!4'7(&7C!714!&0$#&*!7<!7!2'179!$&#L06*>!M)0!#*)0&!697<<!@3S$0&'C01*79!
X&#5$A!R#594!?0!*75()*!*)0!C7*0&'79!'1!*)0!*&74'*'#179!C7110&\!)#R0=0&/!*)0%!R#594!)7=0!
7660<<!*#!'1*0&76*'=0/!04567*'#179!R0?<'*0<!2#&!*)0'&!2'179!$&#L06*!714!R#594!?0!7<Q04!*#!
*5&1!'1!7!17&&7*04!71'C7*'#1!$#467<*>!!

H1!#&40&!*#!0S7C'10!)#R!*)0!*06)1#9#(%!R#594!'C$76*!76740C'6!76)'0=0C01*!714!
(010&79!697<<&##C!01(7(0C01*/!7!15C?0&!#2!C07<5&0<!R0&0!5<04!'1!*)0!<*54%>!]'&<*/!7!$&0K
7<<0<<C01*!R7<!74C'1'<*0&04!*#!799!#2!*)0!<*5401*<!'1!#&40&!*#!0<*7?9'<)!7!?016)C7&Q!
6#C$&0)01<'#1!90=09!#2!7S'<!71(90!6#160$*<>!M)'<!$&0K7<<0<<C01*!C07<5&04!
6#C$&0)01<'#1/!7<!R099!7<!7**'*540<!7?#5*!<6'0160/!6#C2#&*K90=09!714!<Q'99K90=09!R'*)!&0(7&4!
*#!C7Q'1(!71'C7*'#1</!714!,O<*!"01*5&%!<Q'99<>!H1!744'*'#1/!"&72*<!R7<!7<Q04!*#!6#C$90*0!
47'9%!*076)0&!9#(<!#2!697<<&##C!76*'='*'0<!*)&#5()#5*!*)0!<*54%>!:!$#<*K7<<0<<C01*!
C07<5&04!<*5401*!6#C$&0)01<'#1!714!6#1*7'104!<0=0&79!#$'1'#1!N50<*'#1</!R)'6)!7<Q04!
<*5401*<!*#!0S$97'1!R)7*!*)0%!9'Q04!714!4'<9'Q04!7?#5*!6#C$90*'1(!*)0'&!<6'0160!$&#L06*<>!:!
&0*01*'#1!7<<0<<C01*!R7<!79<#!74C'1'<*0&04!&#5()9%!7!C#1*)!72*0&!"&72*<!)74!6#C$90*04!
*)0!51'*!'1!#&40&!*#!C07<5&0!*)0!<*5401*<T!&0*01*'#1!#2!907&1'1(>!M)'<!7<<0<<C01*!6#1*7'104!
N50<*'#1<!R)'6)!R0&0!<'C'97&!*#!*)#<0!7<Q04!'1!*)0!$&0K!714!$#<*K7<<0<<C01*</!?5*!R0&0!
1#*!'401*'679>!!

H1!744'*'#1!*#!*)0!7<<0<<C01*<!714!*)0!*076)0&!9#(/!#?<0&=7*'#1<!714!'1*0&='0R<!
R0&0!6#1456*04!R'*)!?#*)!"&72*<!714!)'<!<*5401*<>!M)0<0!R0&0!6#1456*04!'1!71!022#&*!*#!
(7*)0&!C#&0!'12#&C7*'#1!7?#5*!)#R!*)0!*06)1#9#(%!R7<!?0'1(!'1*&#45604!*#!*)0!<*5401*</!
*#!C07<5&0!<*5401*!01(7(0C01*!90=09</!714!*#!(7*)0&!7!?0**0&!5140&<*714'1(!#2!*)0!90=09!#2!
<*5401*!'1*0&0<*!&0(7&4'1(!*)0!$&#L06*<>!
Project!Staff!

! d0='1!"&72*</!*)0!<6'0160!*076)0&!7*!`&'<*#9!"#1<#9'47*04!F6)##9!R#&Q04!
6#997?#&7*'=09%!R'*)!"38:;3!<*722!*#!6#C$90*0!*)0!&0<07&6)!$&#L06*!(#79<>!"38:;3!<*722!
7<<'<*04!R'*)!6&07*'1(!*)0!7<<0<<C01*<!714!47'9%!*076)0&!9#(</!7<!R099!7<!R'*)!6#1456*'1(!
'1*0&='0R</!#?<0&=7*'#1</!714!47*7!7179%<'<>
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Experimental!and!Control!Groups!

! H1!*)'<!&0<07&6)!$&#L06*/!"&72*<T!*R#!0'()*)!(&740!<6'0160!697<<0<!<0&=04!7<!*)0!
3S$0&'C01*79!714!"#1*&#9!X&#5$<>!:2*0&!*076)'1(!?#*)!(&#5$<!)#R!*#!6&07*0!71'C7*'#1<!#1!
*)0'&!97$*#$<!45&'1(!7!$&0='#5<!<6'0160!51'*/!"&72*<!?0(71!*076)'1(!*)0!51'*!7?#5*!37&*)T<!
7S'<!71(90>!`#*)!697<<0<!R0&0!<'C'97&!'1!*0&C<!#2!$&'#&!76)'0=0C01*!714!?#*)!#2!*)0!697<<0<!
&060'=04!<'C'97&!'1<*&56*'#1!R'*)!&0(7&4!*#!*)0!6#160$*<!&097*04!*#!*)0!7S'<!71(90!#2!*)0!
37&*)\!)#R0=0&/!*)0!2'179!$&#L06*!7<<'(1C01*<!4'220&04>!!

X&#5$!:/!R)'6)!6#1<'<*04!#2!OY!<*5401*</!R7<!7<<'(104!7<!*)0!"#1*&#9!X&#5$>!M)'<!
(&#5$!&060'=04!*&74'*'#179!697<<&##C!'1<*&56*'#1!45&'1(!*)0!7S'<!71(90!51'*!714!R7<!
0S$06*04!*#!40=09#$!7!$7$0&!4'7(&7C!714!7!&0$#&*/!<5CC7&'J'1(!*)0'&!907&1'1(>!!

X&#5$!`/!R)'6)!6#1<'<*04!#2!O,!<*5401*</!R7<!7<<'(104!*#!?0!*)0!3S$0&'C01*79!
X&#5$>!M)'<!(&#5$!R7<!('=01!*)0!<7C0!697<<&##C!'1<*&56*'#1!45&'1(!*)0!7S'<!71(90!51'*\!
)#R0=0&/!45&'1(!*)0!*'C0!*)0%!R0&0!('=01!*#!6#C$90*0!*)0'&!2'179!$&#L06*</!*)0%!R0&0!
$&#='404!7660<<!*#!04567*'#179!R0?<'*0</!<56)!7<!3S$9#&0I07&1'1(>6#C>!H1!744'*'#1/!*)0%!
R0&0!0S$06*04!*#!40=09#$!7!17&&7*04!71'C7*'#1!$#467<*!7<!7!2'179!$&#L06*>!!
! `#*)!#2!"&72*<T!697<<0<!C0*!#160!$0&!47%!2#&!7!V-!C'15*0!45&7*'#1>!376)!697<<!R7<!
('=01!*)0!<7C0!7C#51*!#2!*'C0!*#!R#&Q!#1!*)0!$&#L06*!45&'1(!697<<!714!*)0!<7C0!7C#51*!#2!
*'C0!*#!R#&Q!#1!*)0!$&#L06*!7*!)#C0>!376)!(&#5$!R7<!('=01!Y!47%<!*#!R#&Q!#1!*)0!$&#L06*!
45&'1(!697<<!*'C0!714!&#5()9%!*)&00!R00Q<!*#!R#&Q!#1!*)0!$&#L06*!7*!)#C0>!M)0!2'179!
$&#L06*<!2#&!*)0!7S'<!71(90!51'*!2#&!?#*)!(&#5$<!)74!<'C'97&!0S$06*7*'#1<!#2!*)0!<*5401*<P!
<*5401*<!R0&0!&0N5'&04!*#!6&07*0!71!'C7(0!#2!*)0!07&*)!7<!'*!&0=#9=0<!7&#514!*)0!<51/!
40C#1<*&7*'1(!)#R!*)0!7S'<!*'9*!675<0<!6)71(0<!'1!<07<#1<>!!
Intervention!

! :9*)#5()!?#*)!X&#5$!:!714!X&#5$!`!R0&0!'1*&#45604!*#!*)0!6#160$*<!#2!7S'<!71(90<!
?%!6#C$90*'1(!*)0!<7C0!97?/!5<'1(!F*%&#2#7C!?799<!714!7!9'()*!?59?/!*)0'&!)714<K#1!2'179!
$&#L06*<!4'220&04>!X&#5$!:!R7<!0S$06*04!*#!6#C$90*0!7!$7$0&!4'7(&7C!*)7*!40C#1<*&7*04!
*)0!37&*)T<!$#<'*'#1!7<!'*!&0=#9=04!7&#514!*)0!<51>!H1!$7&*'6597&/!*)0!<*5401*<!R0&0!7<Q04!*#!
5<0!7!6#C$7<<!714!7!$&#*&76*#&!*#!4&7R!*)0!37&*)T<!7S'<!7*!*)0!6#&&06*!71(90>!H1!744'*'#1/!
X&#5$!:!R7<!7<Q04!*#!4&7R!*)0!37&*)!R'*)!71#*)0&/!4'220&01*!7S'<!71(90!*#!40C#1<*&7*0!
*)0'&!5140&<*714'1(!#2!*)0!6#160$*!?%!6#C$90*'1(!71#*)0&!7$$9'67*'#1>!M)&#5()#5*!*)0!
45&7*'#1!#2!*)0!$&#L06*/!*)0!<*5401*<!'1!X&#5$!:!)74!7660<<!*#!*)0!H1*0&10*!='7!*)0'&!97$*#$!
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6#C$5*0&<\!)#R0=0&/!*)0%!R0&0!1#*!2#&C799%!4'&06*04!*#!5<0!71%!<$06'2'6!H1*0&10*!
&0<#5&60<>!H1<*074!*)0%!R0&0!('=01!7*97<0<!714!?##Q<!*#!5<0!'1!#&40&!*#!2'14!*0C$0&7*5&0<!
R'*)'1!<$06'2'6!6'*'0<!45&'1(!=7&'#5<!<07<#1<>!!
! X&#5$!`/!*)0!3S$0&'C01*79!X&#5$/!R7<!4'&06*04!*#!6#C$90*0!7!17&&7*04!71'C7*'#1!7<!
7!2'179!$&#L06*!2#&!*)'<!<6'0160!51'*>!F'C'97&9%/!X&#5$!`!R7<!0S$06*04!*#!40C#1<*&7*0!*)0!
37&*)T<!$#<'*'#1!7<!'*!&0=#9=0<!7&#514!*)0!<51>!H1!$7&*'6597&/!*)0%!R0&0!0S$06*04!*#!0S$97'1!
)#R!*)0!37&*)T<!7S'<!71(90!'12950160<!*)0!<07<#1<>!M)'<!(&#5$!R7<!79<#!0S$06*04!*#!C7Q0!7!
6)71(0!'1!*)0!37&*)T<!7S'<!71(90!'1!#&40&!*#!40C#1<*&7*0!*)0'&!5140&<*714'1(!#2!*)0!6#160$*!
714!*)0!02206*!'*!R#594!)7=0!#1!*)0!<07<#1<>!X&#5$!`!&060'=04!7660<<!*#!04567*'#179!
H1*0&10*!&0<#5&60</!<56)!7<!0S$9#&0907&1'1(>6#C>!!
Measures!

Assessments:!

! M)0!$&0K!714!$#<*K7<<0<<C01*<!R0&0!40<'(104!?%!"38:;3!<*722!'1!6#1L516*'#1!R'*)!
"&72*<>!`#*)!*)0!$&0K!714!*)0!$#<*K7<<0<<C01*<!R0&0!40<'(104!*#!C07<5&0!*)0!2#99#R'1(P!
6#C$&0)01<'#1!90=09!#2!*0&C'1#9#(%!714!6#160$*<!&097*04!*#!*)0!7S'<!71(90!#2!*)0!37&*)/!
7**'*540<!7?#5*!<6'0160/!6#C2#&*K90=09!714!<Q'99K90=09!'1!&0(7&4!*#!C7Q'1(!71'C7*'#1</!714!
,O<*!601*5&%!<Q'99<>!M)0!$#<*K7<<0<<C01*!R7<!40<'(104!*#!?0!107&9%!'401*'679!*#!*)0!$&0K
7<<0<<C01*!'1!#&40&!*#!6#C$7&0!$#<<'?90!6)71(0<!R'*)'1!714!?0*R001!(&#5$<>!H1!744'*'#1!
*#!*)0!'12#&C7*'#1!'1695404!'1!*)0!$&0K7<<0<<C01*/!*)0!$#<*K7<<0<<C01*!79<#!'1695404!
N50<*'#1<!*#!(7*)0&!47*7!7?#5*!*)0!<*5401*<T!0S$0&'0160<!714!#$'1'#1<!7?#5*!*)0!7S'<!71(90!
$&#L06*>!H1!$7&*'6597&/!*)0!<*5401*<!R0&0!7<Q04!*#!40<6&'?0!*)0!C#<*!4'22'659*!$7&*!#2!*)0'&!
$&#L06*!7<!R099!7<!*)0!C#<*!251!$7&*>!:99!#2!*)0!7<<0<<C01*<!R0&0!R0?K?7<04>!:<!7!&0<59*/!
076)!6)'94!R7<!7?90!*#!6#C$90*0!*)0!7<<0<<C01*<!#1!)'<i)0&!#R1!97$*#$!45&'1(!697<<!*'C0>!
M)0!$&0K7<<0<<C01*!R7<!74C'1'<*0&04!?02#&0!"&72*<!?0(71!'1*&#456'1(!*)0!7S'<!71(90!51'*>!
M)0!$#<*K7<<0<<C01*!R7<!74C'1'<*0&04!72*0&!*)0!7S'<!71(90!51'*!)74!6#1695404!714!076)!
6)'94!)74!6#C$90*04!)'<i)0&!$&#L06*>!:!6#$%!#2!*)0<0!7<<0<<C01*<!671!?0!2#514!'1!
:$$014'60<!:!714!`>!
! :!*)'&4!7<<0<<C01*!R7<!40<'(104!'1!#&40&!*#!C07<5&0!*)0!!&0*01*'#1!#2!907&1'1(!#=0&!
7!$0&'#4!#2!&#5()9%!#10!C#1*)/!45&'1(!R)'6)!10'*)0&!#2!*)0!697<<0<!<$01*!*'C0!6#=0&'1(!*)0!
7S'<!71(90!6#160$*<>!M)'<!?&'02!7<<0<<C01*!6#1<'<*04!#2!O-!N50<*'#1<!R&'**01!?%!"&72*<>!M)0!
N50<*'#1<!R0&0!1#*!'401*'679!*#!*)0!N50<*'#1<!7<Q04!'1!*)0!$&0K!714!$#<*K7<<0<<C01*<\!
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)#R0=0&/!*)0%!R0&0!40<'(104!*#!C07<5&0!*)0!6#C$&0)01<'#1!#2!<'C'97&!6#160$*<>!:2*0&!
7?#5*!#10!C#1*)!)74!$7<<04!<'160!*)0!6#C$90*'#1!#2!*)0!7S'<!71(90!51'*/!"&72*<!7<Q04!)'<!
<*5401*<!*#!6#C$90*0!*)0!&0*01*'#1!7<<0<<C01*>!:!6#$%!#2!*)0!&0*01*'#1!7<<0<<C01*!671!?0!
2#514!'1!:$$014'S!">!!
Daily!Teacher’s!Log:!

! H1!744'*'#1!*#!*)0!7<<0<<C01*<!5<04!*#!(7*)0&!47*7!7?#5*!*)0!<*5401*</!#*)0&<!
C0*)#4<!R0&0!79<#!5<04>!"&72*<!R7<!7<Q04!*#!6#C$90*0!7!D7'9%!M076)0&T<!I#(!'1!#&40&!*#!
6&07*0!7!&06#&4!#2!47'9%!697<<!76*'='*'0</!#665&&0160</!4'22'659*'0</!$#<'*'=0!0S$0&'0160</!714!
*076)'1(!#5*6#C0<>!:!6#$%!#2!*)0!D7'9%!M076)0&T<!I#(!671!?0!2#514!'1!:$$014'S!D>!!
Interviews:!

:!$&0K'1*0&='0R!R7<!6#1456*04!R'*)!"&72*<!?02#&0!)0!?0(71!*076)'1(!*)0!7S'<!71(90!
51'*/!714!7!$#<*K'1*0&='0R!R7<!6#1456*04!R'*)!"&72*<!72*0&!*)0!6#C$90*'#1!#2!*)0!51'*>!M)0<0!
'1*0&='0R<!R0&0!'1*01404!*#!6#9906*!'12#&C7*'#1!7?#5*!697<<!40C#(&7$)'6</!<*5401*!
01(7(0C01*!90=09</!6)79901(0</!714!?0102'*<!#2!7<Q'1(!*)0!<*5401*<!*#!6#C$90*0!*)0!<$06'2'6!
$&#L06*<>!]'1799%/!7!R0?!6#120&0160!R7<!6#1456*04!R'*)!*R#!<*5401*<!2&#C!076)!(&#5$!*#!
(7*)0&!47*7!7?#5*!(010&79!7**'*540</!6)79901(0</!714!?0102'*<!&097*04!*#!*)0!$&#L06*<>!
Observations:!

"38:;3!<*722!6#1456*04!7!697<<&##C!#?<0&=7*'#1!#1!*)0!2'&<*!47%!45&'1(!R)'6)!*)0!
<*5401*<!'1!?#*)!697<<0<!R0&0!('=01!697<<!*'C0!*#!R#&Q!#1!*)0'&!2'179!$&#L06*<>!M)'<!
#?<0&=7*'#1!R7<!7'C04!7*!6#9906*'1(!'12#&C7*'#1!7?#5*!<*5401*!01(7(0C01*>!:!$7&*'79K
'1*0&=79!47*7!&06#&4'1(!2#&C!R7<!5<04!*#!6#9906*!'12#&C7*'#1!7?#5*!#1i#22K*7<Q!?0)7='#&/!
R)'6)!'1695404P!C71'$597*'#1!#2!C7*0&'79<iR0?<'*0<!51&097*04!*#!*)0!7<<'(1C01*/!*79Q'1(!*#!
$00&<!#&!*076)0&!7?#5*!*#$'6@<A!51&097*04!*#!*)0!7<<'(1C01*/!$5**'1(!)074!4#R1!#1!40<Q/!
714!?0'1(!#5*!#2!)'<i)0&!<07*!2#&!7!&07<#1!51&097*04!*#!*)0!7<<'(1C01*>!D7*7!#1!*)&00!
4'220&01*!<*5401*<!R7<!6#9906*04!'1!OU!<06#14!'1*0&=79<!2#&!7!$0&'#4!#2!U!C'15*0<!076)>!H1*0&K
#?<0&=0&!7(&00C01*!=7&'04!2&#C!ZUj!*#!O--j!7(&00C01*>!
Results!

CEPARE!Classroom!Observations!

! "97<<&##C!#?<0&=7*'#1<!R0&0!6#1456*04!#1!*)0!2'&<*!47%!*)7*!*)0!<*5401*<!R0&0!
('=01!71!#$$#&*51'*%!*#!R#&Q!#1!*)0'&!$&#L06*<!45&'1(!697<<>!:!<5CC7&%!#2!*)0!697<<&##C!
#?<0&=7*'#1<!6#1456*04!?%!"38:;3!<*722!C7%!?0!2#514!'1!*)0!M7?90!O>!:<!<)#R1!?%!*)0!47*7!



7 
 

'1!*)0!*7?90/!'*!'<!6907&!*)7*!*)0!<*5401*<!'1!X&#5$!`/!*)0!3S$0&'C01*79!X&#5$/!<$01*!C#&0!#2!
*)0'&!697<<!*'C0!01(7(04!'1!*)0!76*'='*%!714!$7&*'6'$7*'1(!'1!#1K*7<Q!?0)7='#&>!H1!276*/!'1!799!
67<0</!#1K*7<Q!?0)7='#&!R7<!)'()0&!'1!X&#5$!`!'1!6#C$7&'<#1!*#!X&#5$!:>!
!

 

 

a=0&799/!799!#2!*)0!3S$0&'C01*79!X&#5$!<*5401*<!R0&0!#1K*7<Q/!7<!6#C$7&04!*#![-j!#2!*)0!
"#1*&#9!X&#5$!<*5401*<>!D5&'1(!*)0!#?<0&=7*'#1/!*)0&0!R7<!71!7$$7&01*!4'220&0160!'1!*)0!
<#6'79'J7*'#1!90=09!?0*R001!*)0!*R#!697<<0<>!X&#5$!:!<$01*!C#&0!*'C0!<#6'79'J'1(!714!
6#1=0&<'1(!7?#5*!*#$'6<!51&097*04!*#!*)0!7<<'(1C01*/!R)'90!*)0!<*5401*<!'1!X&#5$!`!
&0C7'104!#1K*7<Q>!H1!744'*'#1/!*)0&0!R7<!7!4'220&0160!'1!697<<&##C!1#'<0K90=09!R)01!
6#C$7&'1(!*)0!*R#!697<<0<>!
Assessment!Results!

! M)0!&0<59*<!#2!*)0!$&0K!714!$#<*K7<<0<<C01*<!C7%!?0!<001!'1!M7?90!,>!!
Table!2:!Pre"!and!Post"Assessment!Results!

Group! Pre"Assessment! Post"Assessment!

! G071!#2!
F*5401*!F6#&0<!

F*7147&4!
D0='7*'#1!

G071!#2!
F*5401*!F6#&0<!

F*7147&4!
D0='7*'#1!

8#<*K
:<<0<<C01*!
32206*!F'J0!

X&#5$!:!
! U,>YZj! ,->U,! ZO>,Uj! OU>.V! !

>_O!
X&#5$!`!
! V,>Y_j! O.>.Y! .->.[j! O,>-Y!

Table!1:!Pre!and!Post!7th!&!8th!Grade!SJHS!Student!
Results!

Student!
Percentage!of!Intervals!During!Which!

Student!was!On"Task!

Group!A!

O! _,>Uj!
,! .,>Uj!
Y! UUj!
:=0&7(0! [-j!

Group!B!
O! O--j!
,! O--j!
Y! O--j!
:=0&7(0! O--j!
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M7?90!,!$&#='40<!7!6#C$7&'<#1!?0*R001!X&#5$!:!714!X&#5$!`!'1!&0(7&4!*#!*)0!7=0&7(0!#2!
<*5401*<T!<6#&0<!#1!?#*)!*)0!$&0K!714!$#<*K7<<0<<C01*<>!`7<04!#1!*)0!47*7!4'<$97%04!'1!
M7?90!,/!*)0!<*5401*<!'1!X&#5$!`!71<R0&04!C#&0!N50<*'#1<!6#&&06*9%!*)71!*)0!<*5401*<!'1!
X&#5$!:!#1!*)0!$#<*K7<<0<<C01*>!H1!276*/!*)0!7=0&7(0!#2!*)0!<*5401*<T!<6#&0<!'1!X&#5$!`!
'16&07<04!2&#C!V,>Y_j!*#!.->.[j/!R)'90!*)0!<*5401*T<!<6#&0<!'1!X&#5$!:!'16&07<04!2&#C!
U,>YZj!*#!#19%!ZO>,Uj>!H1!744'*'#1/!*)0!32206*!F'J0!#1!*)0!$#<*K7<<0<<C01*!R7<!>_O/!
'14'67*'1(!*)7*!*)0!3S$0&'C01*79!X&#5$!<*5401*<!<6#&04!7$$&#S'C7*09%!,iY!#2!7!<*7147&4!
40='7*'#1!7?#=0!*)0!"#1*&#9!X&#5$!<*5401*<>!M)5</!76740C'6!76)'0=0C01*!#2!*)0!<*5401*<!'1!
*)0!3S$0&'C01*79!X&#5$!R7<!(&07*0&!'1!6#C$7&'<#1!*#!*)0!<*5401*<!'1!*)0!"#1*&#9!X&#5$>!

M)0!&0<59*<!#2!*)0!&0*01*'#1!7<<0<<C01*!C7%!?0!<001!'1!M7?90!Y>!M)0!'12#&C7*'#1!'1!
M7?90!Y!$&#='40<!7!6#C$7&'<#1!?0*R001!X&#5$!:!714!X&#5$!`!'1!&0(7&4!*#!*)0!7=0&7(0!#2!
*)0!<*5401*<T!<6#&0<!#1!*)0!&0*01*'#1!7<<0<<C01*>!

!

Table!3:!Retention!Assessment!Results!

Group! Retention!Assessment!

! G071! F*7147&4!
D0='7*'#1!

32206*!F'J0!

X&#5$!:! _Y>-Zj! O[>-,!
O>V,!

X&#5$!`! Z[>,[j! .>-V!
 

g)01!6#C$7&'1(!*)0!&0<59*<!#2!*)0!&0*01*'#1!7<<0<<C01*/!'*!'<!6907&!*)7*!*)0!<*5401*<!'1!
X&#5$!`/!*)0!3S$0&'C01*79!X&#5$/!71<R0&04!C#&0!#2!*)0!N50<*'#1<!6#&&06*9%!'1!6#C$7&'<#1!
*#!*)0!<*5401*<!'1!X&#5$!:>!`7<04!#1!*)0!&0<59*<!#2!*)0!$&0K!714!$#<*K7<<0<<C01*/!7<!R099!7<!
*)0!&0*01*'#1!7<<0<<C01*/!'*!'<!7$$7&01*!*)7*!*)0!<*5401*<!'1!X&#5$!`!)74!7!)'()0&!90=09!#2!
6#C$&0)01<'#1!'1!&0(7&4!*#!7S'<!71(90!6#160$*<>!H1!744'*'#1/!107&9%!7!C#1*)!72*0&!*)0!697<<!
)74!6#C$90*04!*)0!51'*/!X&#5$!`!)74!7!)'()0&!90=09!#2!&0*01*'#1!#2!907&1'1(>!
Teacher!Observations/Interviews!

! H1!7!$#<*K'1*0&='0R/!"&72*<!<*7*04!*)7*!?#*)!#2!*)0!(&#5$<!R0&0!&097*'=09%!01(7(04!
714!01*)5<'7<*'6!45&'1(!*)0!)714<K#1!6#C$#101*<!#2!*)0!2'179!$&#L06*<>!B#R0=0&/!"&72*<!
79<#!1#*04!*)7*!C71%!#2!*)0!<*5401*<!2&#C!X&#5$!:/!*)0!"#1*&#9!X&#5$/!9#<*!*)0'&!
01*)5<'7<C!714!R7'*04!51*'9!*)0!97<*!C'15*0!*#!6#C$90*0!*)0'&!&0$#&*<>!a1!*)0!#*)0&!)714/!
*)0!<*5401*<!'1!X&#5$!`!6#C$90*04!*)0!17&&7*'#1!6#C$#101*!#2!*)0'&!$&#L06*<!714!*)0'&!
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71'C7*'#1<!<'C59*710#5<9%/!R)'6)!7$$07&04!*#!Q00$!*)0!<*5401*<!01(7(04!40<$'*0!*)0!
40C714!*#!(7*)0&!714!$&0<01*!40*7'904/!<6'01*'2'6!'12#&C7*'#1>!"&72*<!79<#!<*7*04!*)7*!*)0!
<*5401*<!'1!X&#5$!`!?0102'*04!2&#C!*)0!7660<<!*#!*)0!04567*'#179!R0?<'*0<>!a1!
0S$9#&0907&1'1(>6#C/!*)0!<*5401*<!R0&0!7?90!*#!='0R!7!=7&'0*%!#2!='&*579!97?<>!G#&0!
<$06'2'6799%/!*)0%!R0&0!7?90!*#!='0R!'1*0&76*'=0!71'C7*'#1<!#1!*)0!R0?<'*0!*)7*!C#40904!
)#R!*)0!<51!<*&'Q0<!*)0!37&*)!7*!4'220&01*!*'C0<!*)&#5()#5*!*)0!%07&>!!
! M)0&0!R0&0/!)#R0=0&/!<#C0!6)79901(0<!*)7*!"&72*<!27604!R)'90!)'<!<*5401*<!R#&Q04!
#1!*)0!71'C7*'#1!$#467<*!$&#L06*>!"&72*<!4'4!1#*!)7=0!7!(&07*!4079!#2!0S$0&'0160!C7Q'1(!
71'C7*'#1<!#1!*)0!97$*#$<>!B0!<*7*04!'1!*)0!$&0K'1*0&='0R!*)7*!)0!R7<!<*'99!'1!*)0!$&#60<<!#2!
6&07*'1(!7!$&76*'60!71'C7*'#1!714!*)7*!)0!R7<!)#$'1(!*)7*!'1!4#'1(!<#!)0!R#594!&51!'1*#!
<#C0!#2!*)0!<7C0!4'22'659*'0<!7<!)'<!<*5401*<!R#594!714!7<!7!&0<59*!R#594!?0!7?90!*#!)09$!
*)0C>!H1!744'*'#1/!'*!R7<!)7&40&!*#!6)06Q!*)0!$&#(&0<<!#2!*)0!<*5401*<!'1!X&#5$!`!?0675<0!
*)0'&!R#&Q!R7<!<7=04!#1!*)0'&!97$*#$</!&7*)0&!*)71!#1!97&(0!$'060<!#2!$7$0&>!:<!7!&0<59*!#2!
*)'<!4'220&0160/!'*!R7<!C#&0!6)79901('1(!2#&!"&72*<!*#!67*6)!<C799!0&&#&<!7<!*)0!<*5401*<!'1!
X&#5$!`!$&#(&0<<04>!
! D0<$'*0!*)0!C'1#&!6)79901(0<!*)7*!0S'<*04!R'*)!*)0!17&&7*04!71'C7*'#1!$#467<*!
$&#L06*/!"&72*<!722'&C04!*)7*!*)0!<*5401*<!'1!X&#5$!`!)74!7!&'6)0&!907&1'1(!0S$0&'0160!?%!
)7='1(!*#!6&07*0!*)0!71'C7*'#1<>!B0!<*7*04!*)7*!*)0!<*5401*<!'1!*)'<!(&#5$!<00C04!*#!)7=0!7!
C#&0!R099K&#51404!5140&<*714'1(!#2!*)0!6#160$*<>!D5&'1(!*)0!$#<*K'1*0&='0R!R'*)!"&72*<!
6#CC01*04!7?#5*!*)0!71'C7*'#1!$&#L06*P 

“Well!it!was!a!challenge,!even!for!the!top!students.!It!was!more!work!and!it!really!forced!them!
to!understand!the!concept…In!the!future!I’m!definitely!going!to!use!the!animation!project!in!
my!class!again.”!
!

Student!Interviews!

! H1*0&='0R<!R'*)!*R#!<*5401*<!2&#C!?#*)!*)0!"#1*&#9!714!3S$0&'C01*79!X&#5$<!R0&0!
6#1456*04!72*0&!*)0!$&#L06*<!)74!?001!6#C$90*04>!]&#C!*)0<0!'1*0&='0R</!'*!?067C0!6907&!
*)7*!?#*)!(&#5$<!<00C04!*#!01L#%!*)0!)714<K#1!6#C$#101*<!#2!*)0!$&#L06*<>!H1!$7&*'6597&/!
*)0!<*5401*<!'1!X&#5$!:!<00C04!*#!)7=0!7!402'1'*0!$&020&0160!2#&!*)0!4&7R'1(!6#C$#101*!#2!
*)0'&!$&#L06*</!&7*)0&!*)71!2#&!*)0!&0$#&*!6#C$#101*>!D5&'1(!*)0!R0?!6#120&0160!'1*0&='0R/!
*)0!*R#!<*5401*<!&0<$#1404!7<!2#99#R<!*#!*)0!2#99#R'1(!N50<*'#1P!bg)7*!R7<!*)0!C#<*!251!
$7&*!7?#5*!*)0!7S'<!71(90!$&#L06*hc!
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“Writing!the!report!was!a!little!more!boring.!The!hands"on!part!of!the!diagram!was!better!
though.”!!

–Student!1!(student!interview)!
“I!liked!doing!the!hands"on!part!because!it!was!fun!and!I!really!like!being!creative.”!!

–Student!2!(student!interview)!

! g)01!4'<65<<'1(!*)0!$&#L06*!R'*)!*)0!<*5401*<!2&#C!X&#5$!`/!*)0%!*##!209*!7<!'2!*)0!
)714<K#1!7<$06*<!#2!*)0'&!7S'<!71(90!7<<'(1C01*!C740!*)0!$&#L06*!C#&0!'1*0&0<*'1(!*#!
6#C$90*0>!H1!744'*'#1/!?#*)!#2!*)0!<*5401*<!*)7*!$7&*'6'$7*04!'1!*)0!R0?!6#120&0160!7(&004!
*)7*!C7Q'1(!*)0!71'C7*'#1!&0N5'&04!7!&'6)0&!5140&<*714'1(!#2!*)0!<5?L06*!C7**0&>!M)0%!
?#*)!40<6&'?04!*)0!71'C7*'#1!$#467<*!$&#L06*!7<!?0'1(!C#&0!*'C0K6#1<5C'1(!714!*04'#5<!
*)71!*)0!$7$0&!4'7(&7C!$&#L06*\!)#R0=0&/!?#*)!#2!*)0!<*5401*<!7(&004!*)7*!*)0%!R#594!)7=0!
6)#<01!*)0!$#467<*!$&#L06*!)74!*)0%!?001!('=01!7!6)#'60!?0*R001!6#C$90*'1(!0'*)0&!#2!*)0!
$&#L06*<>!

“You!can!just!copy!a!picture!from!the!book!if!you!make!a!diagram!on!paper.!But,!you!really!
have!to!get!it!to!make!a!whole!animation.!You!have!to!memorize!the!script!and!then!you!keep!
replaying!to!make!sure!you!got!it!right.”!!

–Student!3!(student!interview)!
!“It!was!fun!to!make!the!animations.!It!was!fun!because!I'm!pretty!good!at!it,!and!it!makes!the!
viewers!like!it!more.”!!

–!Student!4!(post"assessment)!
“I!like!doing!podcasts,!it's!great!to!work!with!garage!band!and!is!much!more!fun!than!creating!
a!diagram.”!!

–!Student!5!(post"assessment)!
“The!most!fun!was!creating!the!little!animations!for!the!podcast.!It!was!fun!because!I!got!to!
use!my!imagination,!and!I!was!drawing.”!!

–!Student!6!(post"assessment)!
“I!liked!it.!It!was!probably!more!work!than!doing!a!diagram!but!I!felt!challenged!and!I!like!to!
be!challenged.”!!

–!Student!7!(post"assessment)!
“You!really!have!to!understand!it.!You!can!watch!the!animation!on!the!explorelearning.com!
website,!but!then!you!really!have!to!get!it!to!make!your!own.!It!took!more!effort,!but!it!was!
more!fun.”!

!–Student!8!(student!interview)!
Summary!

! M)0!47*7!(7*)0&04!2&#C!*)'<!$&#L06*!<5((0<*!*)7*!"&72*<!$&#='404!7!<5660<<259!
0S7C$90!#2!)#R!*#!'1*0(&7*0!*06)1#9#(%!'1*#!7!<6'0160!697<<&##C>!H1!744'*'#1/!*)0!&0<59*<!#2!
*)'<!$&#L06*!'C$9%!*)7*!*)0!<*5401*<!R)#!6#C$90*04!*)0!71'C7*'#1!$#467<*!$&#L06*!)74!7!
)'()0&!90=09!#2!6#C$&0)01<'#1/!7!)'()0&!90=09!#2!&0*01*'#1/!714!)'()0&!90=09<!#2!01(7(0C01*!
'1!6#C$7&'<#1!*#!*)0!<*5401*<!R)#!6#C$90*04!*)0!$7$0&!4'7(&7C<!714!*)0!&0$#&*<>!M)5</!'*!
C7%!?0!6#1695404!*)7*!*)0!'1*0&=01*'#1!5<04!'1!*)'<!$&#L06*!$&#='40<!71!0S7C$90!#2!*)0!
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<5660<<259!5<0!#2!*)0!GIMH!97$*#$<!R'*)'1!7!<6'0160!697<<&##C!'1!#&40&!*#!'16&07<0!*)0!
76740C'6!76)'0=0C01*!714!*)0!(010&79!01(7(0C01*!#2!*)0!<*5401*<>!!
! H1!744'*'#1!*#!*)0!'16&07<04!01(7(0C01*/!6#C$&0)01<'#1/!714!&0*01*'#1!#2!907&1'1(/!
'*!7$$07&<!7<!'2!*)0!<*5401*<!'1!*)0!3S$0&'C01*79!X&#5$!01L#%04!*)0!$&#L06*!40<$'*0!*)0!276*!
*)7*!'*!C7%!)7=0!*7Q01!C#&0!*'C0!714!022#&*!*)71!*)0!$7$0&!4'7(&7C!714!*)0!&0$#&*>!:<!#10!
<*5401*!<*7*04/!bH*!*##Q!C#&0!022#&*/!?5*!'*!R7<!C#&0!251c>!!H1!)'<!R#&Q/!F0%C#5&!87$0&*/!7!
1#*04!C7*)0C7*'6'71!R)#!R7<!$7&*!#2!M)0!]5*5&0!#2!I07&1'1(!X&#5$/!#&(71'J04!?%!7!(&#5$!
#2!'14'='4579<!2&#C!GHM/!2#514!*)7*!$0#$90!907&1!?0<*!R)01!*)0%!7&0!('=01!*)0!#$$#&*51'*%!
*#!76*'=09%!6#1<*&56*!10R!Q1#R904(0/!&7*)0&!*)71!)7='1(!Q1#R904(0!$&0<01*04!*#!*)0C>!
a10!47%/!R)'90!R#&Q'1(!R'*)!2'&<*K(&740!<*5401*<!7<!*)0%!907&104!)#R!*#!$&#(&7C!
6#C$5*0&<!5<'1(!*)0!6#C$5*0&!971(57(0!679904!I#(#/!7!%#51(!?#%!40<6&'?04!*)0!R#&Q!7<!
?#*)!b)7&4c!714!b251c>!H1!7!,--,!7&*'690/!87$0&*!R&'*0</!

“Once!I!was!alerted!to!the!concept!of!"hard!fun"!I!began!listening!for!it!and!heard!it!over!and!
over.!It!is!expressed!in!many!different!ways,!all!of!which!all!boil!down!to!the!conclusion!that!
everyone!likes!hard!challenging!things!to!do.!But!they!have!to!be!the!right!things!matched!to!
the!individual!and!to!the!culture!of!the!times.”!  

! M)'<!76*'#1!&0<07&6)!$&#L06*!40C#1<*&7*0<!*)7*!*)0!6#160$*!#2!b)7&4!251c!C7%!)7=0!
(&07*!'C$9'67*'#1<!2#&!04567*#&<>!g'*)!7660<<!*#!*)0!GIMH!97$*#$</!*076)0&<!)7=0!*)0!
67$76'*%!*#!#220&!*)0'&!<*5401*<!76*'='*'0<!*)7*!7&0!?#*)!6)79901('1(!714!01(7('1(>!H1!
744'*'#1/!65&&'6597!C7%!?0!747$*04!<#!*)7*!'*!'<!&02906*'=0!#2!*)0!27<*K$7604/!*06)1#9#(%K&'6)!
R#&94!*)7*!R0!65&&01*9%!9'=0!'1>!:<!7!&0<59*/!6)'94&01!C7%!?0!C#&0!01(7(04!'1!*)0!697<<&##C!
714!C7%!0S$0&'0160!)'()0&!90=09<!#2!76)'0=0C01*>!
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writers.!OKO.>!
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Appendix!A!
!
Pre"assessment!Instrument!
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Appendix!B!
!
Post"assessment!Instrument!
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Appendix!C!
!

Retention!Assessment 
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Appendix!D!
!
Daily!Teacher’s!Log!
 

Daily Teacher’s Log 
 
 
Date: 

 
 
Group (circle one): 
 

A            B 

 
 
# of Students Present: 

Duration of total class period: 
 
Time spent teaching/lecturing: 
 
Time spent completing 
demonstrations/hands-on 
activities: 
Time given to students to work on 
project: 

Description of in-class activities: 
 
 
 
 
 
Concept(s) and terminology you were able to teach today: 
 
 
 
 
 
Difficulties experienced during class period: 
 
 
 
 
 
Positive experiences during class period: 
 
 
 
 
 
 
General reflections about today’s class period: 
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Appendix!E!
!

Project!Timeline!&!Tasks!!
 

Task! Key!Participants! Dates!
G00*!R'*)!<6'0160!*076)0&!@d0='1!"&72*<A!'1!#&40&!*#!
40=09#$!#?L06*'=0<!714!(#79<!

"38:;3!714!<6'0160!
*076)0&!

.iO,i-Z!

"&07*0!$&0K!714!$#<*K7<<0<<C01*<!*#!C07<5&0!7**'*540<!
7?#5*!<6'0160/!<Q'99K90=09!714!6#C2#&*K90=09!R'*)!
71'C7*'#1!$&#(&7C</!,O<*!601*5&%!<Q'99</!714!
6#C$&0)01<'#1!#2!7S'<!71(90!6#160$*<!

"38:;3!714!<6'0160!
*076)0&!

F0$*0C?0&!
,--Z!

"&07*0!7!*076)0&!9#(!*#!)09$!&06#&4!47'9%!76*'='*'0</!
*076)'1(!(#79</!2&5<*&7*'#1<!714!<5660<<0<!

"38:;3! F0$*0C?0&!
,--Z!
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Appendix!F!
!

Examples!of!paper!diagram!projects!!
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Appendix!G!
!

Examples!of!podcast!animation!projects!
!
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